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REPORT NO. 20.

AFRODYNAMIC COEFFICIENTS AND TRANSFORMATION
TABLES.

By JoserE S. Awrs,

The problem of the transformation of numerical values expressed
in one system of units into another set or system of units frequently
arises in connection with aerodynamic problems.

The following brief explanation, with tables of equivalents in vari-
owtems of units, has been prepared in order to facilitate such
transformation.

FUNDAMENTAL AERODYNAMICAL FORMULA.
F=0Cp8V?

where F'is the total force acting on the aerofoil,
p is the density of the air,
S is the area of the serofoil,

V is the velocity of the aerofoil relative to the air and Cis an
abstract number, var{ing for a given aerofoil with its angle of inci-
dence, independent of the choice of units, provided these are con-
sistentlﬁ used for all four quantities (F, p, S, and V).

It follows that the pressure

p=F[S=CpV*
This is often written
p=KVi e, E=Cp

If one set of units is used in the expression of p and another in
that of V, the facts may be expressed by writing p=K"V2.

The results of experiments are given i different ways in different
countries. It is most desirable that they should be given in
terms of O,

In what follows, tebles will be given for the calculation of C:

L. When Kis given in the published results,

II. When K 1s given in the published results.

Formulse will then be given by which, knowing C, the pressure p
or total force ' may be ¢ ated. 503
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1. If Kis given in French Tables, it is understood, unless the con-
trary is stated, that the units are as follows:
Unit of pressure, ‘‘weight of a kilogram’’ per square meter.
Unit of density, based upon—
unit of mass, based upon—
unit of foree ‘““weight of a kilogram;”
unit of lengtil, Ineter;
unit of time, second;
unit of volume, cubic meter.
Unit of velocity, meter per second.
Hence p, the density, is equal to 0.125, provided the air is dry, at
15.6° C. (60° F.) and under 76 cm. of mercury pressure.
Hence 0=8K,
If the air is at another temperature or pressure, correction must be
made, as indicated in the section on such corrections.
9. If Kis given in American Tables, it is understood, unless the
contrary is stated, that the following units are used:
nit of pressure, ‘‘weight of a pound” per square foot.
Unit of density, based upon— -
unit of mass, based upon— .
unit-of force, ‘‘weight of a pound;”’
unit of lengtzh, foot; .
unit of time, second ;
unit of volume, cubic foot.
Unit of velocity, foot per second.
Hence p, the density, is equal to 0.00238, provided the air is dry,
at 15.6° C, and under 76 cm. of mercury pressure
Hence (=420.2 K

I1.

1. If K’ is given in French Tables, it is understood, unless the
con is stated, that the following umits are used:
nit of pressure, ‘‘weight of a kilogram' per square meter.
Unit of gensity, based upon—
unit of mass, based upon—
unit of force “‘weight of a kilogram ;"
unit of length, meter;
unit of time, second;
imit of volume, cubic meter,
Unit of velocity, kilometer per hour.

Hence p =0.125 for “stam}ard air.”’
Hence K =0x0.125X 3—615%—0,= 0. 00960

Hence 0 =104.2K
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2. If K’ is given in Americen Tebles, it is understood, unless the
contrary is stated, that the following units are used:
nit of gressu.re, “weight of & pound” per square foot.
Unit of density, based upon—
unit of mass, based upon—
anit of force, ““weight of a pound;”’
unit of lengtil, foot;
unit of time, second;
unit of volume, cubie foot.
Unit of velocity, mile per hour.

Hence p =0. 00238
" 5280°\2
Hence K =(0x0.00238% 3600/ = 0.005120.
Hence ¢ =195.3 K.
Summary.
'Un!f-; of pressure. Density. LUnitohrelmltm
French systems.......ocoeae..-  Welght of a tlogram™...... 0.128 meter Cm38K,
uare meter second
«“ F’e}'gh: of a kilogram™*..... 4 O 125 Ellometer Co104. 2K*
squuare meter hour
Amerfcan SystomS.cececconecnns ¢ Welght of ¢ pound” . .......| 0.00238 Joot Cmi0.2 K"
soﬁue foot second
“aelght of @ pound?”......... 0. 00238 mile C=106.3K1
square foot bour

English and German Tables vsually give ¢ directly.

To obtain the Pressure, given C:

]?i fundamentel formula p=C0pV? provided units on both sides
of the equation are consisteni. Hence, in such a case, substitute the
appropriate values of 0, p, and V. Tt the units ere not consistent,
certain factors must be introduced. The following formule give
the results of the substitution for p and this factor for those com-
+ binations of units generally used.

Clnren? "
P “weight of a pound” _ 0'x 0.00238 (V ft.{sec-)z

square feet
p ““weight of pound”’ - ( mjles)'
square feet 0% 0.00512 V our

Clnrnd 7 2
pweight of apownd” _ . 6,0000165 (eret

square inches second
p ‘*weight of & pound” _ ( miles\?
Suare Tches 0'%0.0000855 ( V -
[13 3 2 12
p “weight of a kilogram 0% 0.125 (Vmeters 3

square meters Secon
P ‘“weight of a kilogram’’ ( kilometer\?
square meters % 0.0096 Vhour

For other units of pressure, calculate pressure by one of these
formuls and use ormation tables for gessu.res.

Since the pressure is proportional to p, these formuls apply only
if the air is d?y, at 15.6° C. and under 76 cm. of mercury pressure.
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CORRECTION FOR TEMPERATURE AXD PRESSURE OF THE AIR.

The following formulm give the values of p for conditions of pres-
sure other than standard:

Temperature. Pressure.
3.794

?° C. A (cm. of mercury) p=2—_|—_—2ﬁxdemity at 15.6° C, and 76 cm.

© F. h(inchenot mercury) ppr ogs X density at 60° F. and 30 in,

Since the pressure on the aerofoil is proportional to p, if we know
the pressure calculated for standard conditions, and wish to kmow
its value under other conditions, we must multiply this celculated
pressure by the ratio of the densities of the air in the two conditions,

That is, if we wish to calculate the pressure when the air is at 4 cm.
of mercury at ¢° C., we must multiply the value of the pressure
obtained from the formule of the last section by t%%% ;

Or, if we wish to calculate the pressure when the air is at A inches
of mercury and ¢° F., we must multiply the velue of the pressure

obtained from the formuls of the last section by tl———z_zgg

The epproximate value of % for different heights above the earth’s
surface is given in tables,

If moisture is to be taken into account in the values of p, reference
mey be made to the Smithsonian Meteorological Tables.

BAROMETER AND ALTITUDE.

In Tables I and II are given for values of the barometer as argu-
ment the corresponding elevations, assuming for the intermediato
barometric column a uniform temperature of 50° F. for English meas-
ures and 0° C, for mefric measure; the average temperature to be
anticipated at such elevation, and the elevation corrected for tem-
perature, assuming for the latter & mean value between temperature,
at the bottom and the stated value at elevation.

TRANSFORMATION TABLES.

I. Height above earth’s surface deter- | VII. Mass equivalents.
mined by barometer, corrected | VIII. Density equivalents,
for temperature, English unita. TX. Velocity aquivelents.
II. Beightabove earth’s surface deter- X, Acceleration oquivalents.
mined by barometer. corrected XI. Force equivalenta.
for temperature. Metric units. | XII. Couple equivalents.

III. Length equivalents, XIII. Pressure equivalents.
IV. Area equivalents. XTIV. Work equivzalents.
V. Yolume equivalents. XV. Power equivalents.

V1. Capacity equivalents, _ XVI. Temperature equivalentg,
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Tasrx I.—Height abore earth’s surface determined by baromeier, correcied for tempera-

ture—English units.
Barometer, Elevation, | Averaga tem-
inches of temperature | persture at (m%
TMErcury. of 50° F. elevation. -
Feet. e F.
12 24,80 —3L.6 22,750
13 22,640 —23.0 20, 060
14 20,620 -15.0 19,250
15 18,750 —~7.2 17,680
16 17,000 0.0 16,130
17 15,350 65 15,60
18 13,790 10.1 13,220
19 12,320 148 11,870
20 10,980 8.8 10,680
an 9,800 2.0 $,330
;,a-m 27.0 8,140
3 1130 20.5 6,990
o 5,970 4.2 5,880
25 8,460 .5 4,820
26 3,900 4.0 3,770
a7 2,770 4.5 4,780
28 1,750 46.0 740
0 830 430
0.9 [} 5.0 0

TaBLR II.—Height above earth’s surface determined by barometer, corrected for tempera-
fure—metric units.

Barometer, Elewation, [ Average tem-
mm, of temperature | peratore at Elevation
INarcury. of 0o, elevation. .

Meters. *C HMeters.

300 7,430 —31.4 7,100

256 6,200 —25.4 8,020

400 5,130 —18.0 5,080

450 4190 —12.1 4,160

500 3,350 — 7.4 8,330

550 2,550 — 28 2,580

600 1,800 —- 0.7 1,930

630 1,250 + &4 1,250

e 67 + 7.2 &8

750 108 + 0.7 109

760 (1} +10.9 0

Tasre III.—Length eguivalents.
Centi- Klio- | Nautleal
Units. Inches. | Feet. Yards. Miles. msters. Meters. | nerers | milas.

1inoh.cecncoenss 1} 0.06333 0.027.8 | 0.0,157% 2.540 | - 0.0254 | 0.0,254 [ 0.041370L
1foct.... 12 1 .333 | 018639 30.430 30490 | .G,3048 01644
1 yard 38 3 1 . 91.440 Q14 | 040144 054933
1mils.. 360 5,280 1,760 1 1860, 934 ,600.34 169 5633
1cen ter..... -5937 .(ﬁ?Sl 01094 | 08214 1 .01 10-8 |, 000005395
Imetereceneenn. 39.87 3.281 1.0938 | . 0:0214 100 1 001 | .0005395
1kilometer..... 80,870 3,281 1,003.6 .6214 106, 000 1,000 13 5305
insm Tl mesz]| eo0bo.2] Fezs.7| 13515 185,325 1855 | 1.8583 1
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TaBrLe IV.—drea equivalenis.

Units. ?‘%m Square feat. Bquare yards. m” e
0.006044 0.007716 | 0.0,2401 | 0.0,6452
1 L1111 L 0:3587 . 09290
9 11 .043228 . 8381
27,878,400 3,007,600 1| 3,580, 2%
10. 764 L1186 | .0356%
TaBiLe V.—Volume equivalents.
Cuabie Cubio [Cable cen Cubfe
Units. tnches, |Cublefeet.| org meters. | meters.
1 0.0:5787 0.042143 16.39 0.0,1638
1,728 1 03704 28,317 02832
46, 656 a7 1 764, 569 TB48
06103 . (03581 . 001307 1 001
61,023 365.314 1.3079 | 1,000,000 1
TaBLe VI.—Capacity equivalents.
Cuabic Fluid Liqud | Liquid | Gallons { Gallons
Unite. inches. | ounces, | ODI% | ‘pints, | quarts. | (U. 8.). |(Imperial,| Liters.
1 cubio 0.5541 | ~ 0.1385 | 0.3463 0.01732 | 0.04320 | 0.0035046 0.01639
I flnid 1 .25 .0825 .03125 | .007813 . 006506 02957
1gil.,.. 4 1 28 125 03126 . 002602 118202
1liquid 16 4 1 5 125 . 10408 473167
1 Hquid 32 8 2 1 .25 3533 JH63
1 g&lon 128 82 8 4 1 . 83265 8. 785
Iﬁnllnn (Imperfal). 153,718 38,428 9. 608 4,804 1201 1 4.5458
1hter. i ecnacennn 33.814 8.453 2.113 1.0577 .2643 21975 1
TaBre VII.—Mass equivalents.
Ounces, Pounds. Tons.
Kile-
Units, Grains.
grams,
Troy. | Aol | Troy. | A¥Cl | Short. | Long. | Metric,
482 | 32.150 | 35.273 | 2.6792 | 2.2045 [0.001102 | 0.0,8842 0.001
1 1 .002083 [0.02286 |.0g1736 |.0y1429 | .0471 048378 | .068450
480 1].10971 | .0S333 | .08857 | .Q3420 | .0.3061 | .0:B110
7.5 0115 1].07505 | .0825 | .0:125 | 052700 02835
760 12 | 13.17 1] .822¢ | .(04114 | .02073 .03732
000 | 14.583 16 | 1.21%82 1 0005 | .0pd484 | 044530
40¢ | 29,167 | 82,000.) 2,431 | 2,000 1 8920 L9072
680, 320y | 85,840 | 2,722 | 2,240 1.12 1 1,018
366 | 82,161 | 35,274 | 3,670 | 2,208 1.102 0842 I
Musg unite used b ineers,
A. English syztams: Vg
Unit of mese=¢g pounds, where ¢ fs the acceleration due to gravity.
on foot-second system, anit of mass=32.14 pounds; giveit arbitrary symbol U.
B on mile-hour gystem, unit of mass=-="78,000 pounds; give it arbitrary saymbol Ua.

Unit of més-g Klograms.
Hence, on meter-second system, unit of masg=9.80

Henoe, on kilometer-hour system, unit of

H It arbi 2
MAYs= m,mmg;ﬁa it arbltrt::’rylaxyghb%ll Uf.
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TasrLe VIII.—Density equivalents.

Grams per Pounds Pounds Pounds per
Units. cubio e rler | Toundsper | Kilograms per | pniteq States
centimeter. oubie Inch. cubie foat. cuble meter. Ton.
igram percublccentimeter 1 0.03613 62.43 1,000 8.345
1pomnd percubloinch....!  27.68 1 1,728 " 977.02 231
1 pound per cubie foot.. ... .01602 . 095787 1 16.02 . 1337
1} per cubie meter. . 00908 003612 .06243 1 R
1 pound per U. 8. gallon.... L1198 004329 | . 7.481 119.845 1
Using engineering units of mass.
1h, T, U’x Ib.
1 ﬁ,t +—=0.0311 X 1 —-m32.14 £
1 B0 B 1 B com B
TasrLe IX.—Velocity equivalenis.
Centime-| Meters | Meters | Kilome-
Feet per | Feet Miles per
Units. ters per ters P Enots.
second. | senond. |mivate.| o, | seeond. | minu hour.
1centimeterpersecond.] 1 .01 0.6 0.038 0.03281 | 1.9686( 0.02237 | 0.01%42
1 meter per second..... 100 1 60 3.6 8.281 | 196.85 2.237 L9432
1 meter &err minute....| 1.687 .01867 { 1 .06 . (05468 3.281 .03728 .B323T
1 kflometer per hovr...| 27.78 .3778 | 18.67 1 9113 54,63 . 6214 . 53960
1foot per second........ 30.48 .3048 |18 .29 1097 1 60 .6818 . 59200
1foot per minuts...... 50850 [ .00508 3048 (1829 . 01667 1 01136 . 00987
1 mileper hour.... 4470 | 28.82 1.649 1.487 88 1 . 863839
b <. 51497 | 30,898 1.8532 1,63504 | 101.387 LIBIBS | 1
Tasie X.—Acceleration equivalents.
em | | g
sec.? sec.? sec..
1 0.3281 0.02237
30.48 1 0.6818
4450 1.487 1

Tapre XT.—Foree equivalents.
1 megadynee106 d: 72.33 dals.
poindal - =0.0 &?&@dyﬁm
unij
ds.
lpomd = o.mp&?ggmms.
Tasre XTI.—Couple equivalents.

ogram-meter=7.233 pound-feet.
1 pomd. {00t =0, 138‘3 kilogram-meter.
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TaBLe XIII.—Pressise equivalents.

Magabars or | Kilograms | Xilograms | Pounds | Pounds I{:-{{g
Units megad ynes per per per per per
. square usre square square unre
Snticeter. | contimeter,] mster, inch, oot. KAnare
1 megshar (=108 dynes per
uare ceni 17 o D, 1 10197 10,197 14,50 2,08 |oieeeeaen
1 kilogram per square centime- .
ter 9807 1 10,000 14.22 2,047.6 0.00634%
1 kil 1 . .
1
1
i
1
1 atmosphere

Columns of mercury Colomns of water
Long At at 15° C. at 15° C,
Unlts, per phﬁ: Feet.
oot. Meters. Inches. | Metars. | Inches.

1 84750SPheTe. . ovneenenn- .7 20,02 [10.34|'407.2 338

1 meter. . 1 30.87 |13.61 | 636.7 .61
Mm“‘?{l Ineb... I o L0254 1 L3466 | 13.61 1134
1mnater.... R corade | 2803 | 1 30.37 3.281
Water{1inch.. U . .ooisos | T.o7ade | T.oasof 1 .08332
oot 02250 | 8819 | .3048 | 13 1
Tasie XIV.—Work or energy equivalents.
Jowles= | Eilogrem| Foot~ Knnt- Cheval| Horse- | (g),, gg gﬁmi’h‘
Unlts. 107 ergs. | meters. | pounds. hv;‘ui's. gﬁ.’i‘r E&Er rios. glag:- ugiﬁ?
% oule....... ter o
ogram meter
lfwb-poggad. .
1cheval vapeur icar
1 horsepower hour...
%mmmcal ot calorip. o, 0015%) 001558 1 1 2.988
1 British thermal tnit .0n3981 0,037 2822 moul e
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TasLE XV.—Power equivalents.

Chavel Kllogram| British
Horse- Kilo. | ¥epeur |Mesterkilo- Foot- caloties
Dalss power | watts. | el | emmsger |pocndapert *par™” |unffeper
sacond.
power.
1 horsepOWer e enarecrncncnes 1 0.7457 1.014 76.04 550 0.1783 0.7074
Idlowatteeeeenacneennnnn. L34l 1 1.360 102.0 737.6 - 2300 488
1 cheval vapeur metrie
............... 8863 .'7355 1 75 542.3 .1758 8877
1meter persecond.| .01315| .00SS07 .01333 1 7.233 | .002344 009303
1foot pound persecond.....] .00182( .001336| .00184 -1383 1| 03241 .001256
1 orie persecand 5.610 4,183 5.688 426.6 3,086 1 3.968
1B th uvnit per
.................... Lad| LoR| L 107.5 s .20 i

29165°—S. Doc. 128, 65-2—26
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